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(57) Abstract: 

PURPOSE: To measure the amount of residual ink 
in pulp from which ink Is ramovad simply and quickly 
by using th a peak intansity of and or mora spGcifidd 
wavelengths of differentiated spectrums obtained from 
light absorbing spectrums batweantha specified wava- 
langthG. 

CONSTITUTION: Ink has selective absorbing prop- 
erty for light having wavelengths in a region of 0.8 - 
2. 6^ /(near infrared rays). Thg effect due to absorption 
of other components is less. Then, differentiated spec- 
Irums are obtained from the absorption spectrums of 
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the light having the wavelengths in the wavelength 
range. Thus» gentle change dua to tha difference in 
surface property, the drffarenca in colors and the like is 
erased, and the absorption peculiar to the component 
of the ink can be obtained. Each peak is proportional 
to the amount of the componant, and the accurate de- 
termination of the quantity can be performed. Then, 
correlation between the absorbances of one or more 
spectrums of tha spadfiad wax'e lengths among certain 
near infrared rays or the peak intensities of the differ- 
entiated spectrums and the amount of the ink is ob- 
tained. The expression of the correlation is used, arKi 
the quantity of the ink is determined based on the ab- 
sortaance or the peak intensity of an unknown sample. 
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(57) Abstract 

Method and devices for fiiel diaracterizadon and optimization, diagnosing fuel-related problems and matching fuels to new engine 
designs, at a vehicle service site, are disclosed. Ftiel properties associated witfi a ftiel sample of a fUel can be measured by mid-infiarcd 
analysis and displayed. Pie-dctermmed preferred values for the fuel properties for the particular vehicle can be detemibied tyy inputting the 
model and type of vehicle into a processing means and correlating the vehicle information witii the preferred vahies. The preferred and 
measured can be compared and the comparison displayed. A ftiel sample rating for die vehicle can be performed based on tiiis comparison 
and displayed. An optimal dispenser fuel for the vehicle can also be identified based on a comparison between the preferred values and the 
values for the fuel properties for each of the dispenser f^ls. Further, fuel-related problems can be identified and diagnosed based upon tiiis 
comparison, and the diagnosis inunediately displayed for the operator. In one embodiment, driveability index can be determined in situ and 
in real time. In other embodiments, octane number, and Reid vapor pressure can be similarly determined. 
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METHODS Am DEVICES FOR FUEL CHARACTERIZATION 

Background of the Invention 

The field of the present invention is fuel characterization. In particular, the present 
invention involves methods and devices for the characterization of a fuel sample at a 
vehicle service site for identifymg an optimal fuel choice for a vehicle and/or diagnosing 
fuel-related problems. 

In many cases, vehicle operators experience less than optimal vehicle performance 
because of their choice of engine fuel for a particular vehicle. Rapid and reliable methods 
and devices for the characterization of a fuel sample, the diagnosis of fuel-related problems, 
and the identification of the optunal fuel choice for the vehicle based on the vehicle 
manufacturer's fuel recommendations, are, however, typically unavailable at a vehicle 
service site. In addition, fuel-related problems can have diverse manifestations, including 
engine startmg failures; engine performance difficulties such as engine hesitation, 
roughness and stalling after starting or upon de-acceleration around a curve; engine 
detonation diflSculties; engine loss of power; poor engine fuel economy; engine missing 
and surging; noxious engine fumes; and smoky engine exhaust. If rapid and reliable fuel 
characterization, diagnosis and optimization methods and devices were available at a 
vehicle service site having, for example, a fuel delivery dispenser, the appropriate fuel 
could be added to the vehicle. 

Different methods and devices exist for the characterization of hydrocarbon fuels. 
For example, some methods and devices involve the determination of a value for octane 
number. Octane number is a measure of a fuel's ability to resist engine knocking. Engine 
knocking results when a fuel fails to bum smoothly and evenly, and the resulting unbumed 
portion of the air/fuel mixture explodes violently from spontaneous combustion. Octane 
number is conventionally determined and stated according to ASTM methods. For 
example, a research octane number (RON) can be determined according to ASTM Method 
2699-84, and a motor octane number (MON) can be determined according to ASTM 
Method 2700-84. The conventional octane ratings for delivery dispenser fuels are 
determined as one-half the sum of RON plus MON. 

Other methods and devices for the characterization of hydrocarbon fuels involve the 
determination of Reid vapor pressure. Reid vapor pressure is a measure of a fuel's "front 
end volatility" or more volatile components. It can be measured by performing a "Reid 
Method" test procedure whereby a gasoline sample, which is sealed in a metal chamber, is 
submerged in a lOCF water bath. Higher readings are determined for the more volatile 
fuels because such components vaporize more readily, thus creating more pressure on the 
measurement device. Lower readings are determined for the less volatile fuels because 
such components create less vapor. 
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Various other methods are known for the evaluation of octane number, Reid vapor 
pressxire and other fuel properties. Notwithstanding, analytical tools employing these 
methods for measuring the properties of a fuel sample and comparing the results with the 
fuel company's fuel specifications for the particular fuel and/or the manufacturer's fuel 
5 recommendations for the vehicle, diagnosing fuel-related problems and/or identifying the 
optimal fuel choice for a vehicle based upon the available fuel choices, arc typically not 
available at a site of vehicle service, having, for example, a fuel dispenser. Accordingly, 
there exists a need to provide simple and relatively inexpensive methods and devices at the 
vehicle service site for quickly and accurately characterizing a fuel sample, diagnosmg fiiel- 
1 0 related problems and identifying the optimal fuel for a particular vehicle. 

Summary of the Invention 

The present invention is based on the recognition that a fuel can be simply and 
relatively mexpensively characterized at a vehicle service site by using mid-infrared 

15 analysis to measure fuel properties, such as driveability index, of a sample of the fuel. The 
measured values can be compared with the pre-determined preferred value ranges for the 
fuel properties based upon the fuel company's fuel specifications for the particular fuel 
and/or the preferred fuel property values for a particular vehicle based on the 
manufacturer's fuel recommendations. Further, the optimal fiiel choice for the vehicle can 

20 be identified by correlating the preferred property values with the values for the property 
for each of the fuels available at a fuel dispenser at the vehicle service site. The diagnosis 
of fuel-related problems can also be performed to provide a quick and reliable evaluation of 
a potentially fuel-related problem. Such a diagnosis can be used for matching an optimal 
fuel to a new engine design. 

25 Accordingly, in one aspect of the invention, selected fuel properties associated with 

a fuel sample of a select fiiel (including, but not limited to, any fuel available at a fuel 
dispenser) can be measured at a vehicle service site with mid-infrared analysis and 
displayed. The vehicle service site can include a location at or near a fuel delivery 
dispenser. Such dispensers can be located at gasoline service stations, convenience stores 

30 or other locations where gasoline is provided to consumers. Alternatively, a vehicle service 
site can include a vehicle service bay where mechanics test and/or repair vehicles. The 
term "display", as used herein, describes a transient visual display as well as other more 
permanent records, such as hard copy print outs, which can be displayed to the vehicle 
operator and/or fiiel service provider. 

35 In one embodiment, the measured fuel property values for the sample can be 

compared with pre-determined preferred value ranges for the fuel properties for the sample 
based upon the fuel company's specifications for the fuel, and the result of the comparison 
displayed. In another embodiment, a rating for the fuel sample can be evaluated based 
upon this comparison, and displayed. 



wo 97/05483 PCT/US96/12287 

.3- 

In other embodiments, vehicle information, such as niodel and type of vehicle, can 
be entered; pre-determined preferred value ranges for the fuel properties for the particular 
vehicle can be determined based upon the vehicle manufacturer's fuel recommendations; 
the measured values for the fuel sample can then be compared with these pre*determined 
5 preferred value ranges; and the comparison can be displayed. A rating for the fuel sample 
can then be evaluated based upon this comparison between the preferred and measured 
values, and displayed. 

In still another embodiment, fuel related problems can be identified and diagnosed 
based upon the comparison between the measured values and the preferred values for the 
1 0 fiiel properties for the particular type of vehicle, and the results inunediately displayed for 
the operator. 

In further embodiments, the pre-determined preferred value ranges for the fuel 
properties can be correlated with values for the fuel properties for each of the dispenser 
fuels, and an optimal dispenser fuel for the vehicle identified and displayed based upon this 
1 5 correlation. The term "dispenser fuel(s)", as used herein, refers to the fuels available at the 
fuel delivery dispenser. 

In one embodiment of the invention, a driveability index can be one of the fuel 
properties which is measured and used to characterize the fuel sample. Driveability indices 
are conventionally deteimmed and stated according to the known ASTM D-86 method. 
20 According to this method, three distillation temperatures, TIO, T50, and T90 are 

determined for a sample. TIO, T50, and T90 correspond to the temperatures at which 10 
percent, 50 percent, and 90 percent, respectively, of the sample are distilled off. The 
derivability index for the sample is then determined according to the following equation: 

25 Driveability index = 1.5 (TIO) + 3.0 (T50) + 1 (T90) 

In contrast to the conventional methods for measuring driveability index, an embodiment of 
the invention mvolves measuring fuel properties, such as driveability index, by illuminating 
a fuel sample with mid-infrared light and detecting absorbance values associated with the 

30 components of the fuel. The detected absorbance values can be correlated with a matrix of 
pre-determined coefScients associated with the fuel components and pre-determined values 
of the fuel property. The detected absorbance values can be multiplied by their 
corresponding pre-determined coefficients and the resulting absorbance-coeflBcient 
products can be summed to determine the value of the fuel property, such as driveability 

35 index, associated with the sample. 

Ahematively, in another embodiment of the invention, detected absorbance values 
for a fuel sample can be correlated with a matrix of pre-determined coefficients associated 
with the fuel components of the sample and pre-determined Tl 0 values. The detected 
absorbance values can be multiplied by their correlated pre-determined coefficients and the 
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resulting absorbance-coefficient products can be summed to determine a TIO value 
associated with the sample. Similarly, detected absorbance values can be correlated with 
matrices of pre-determined coefficients associated with the fuel components of the sample 
and pre-detennined T50 and T90 values. The detected absorbance values can be multiplied 
by their correlated pre-determined coefficients and the resulting absorbance-coefficient 
products can be summed to detennine T50 and T90 values for the sample. The determined 
Tl 0, T50 and T90 values can then be inserted into the standard driveability index equation 
to obtain a driveability index associated with the sample. 

In further embodiments of the invention, fiiel properties such as octane number and 
Reid vapor pressure can be determined and used to characterize the engine fiiel. 

The invention further encompasses analytical devices for measuring pre-selected 
fuel properties associated with a fuel sample of a select fuel (including, but not limited to, 
the available dispenser fuels). The devices can include a sample measurement means for 
measuring at a vehicle service site fiiel property values associated with the sample through 
mid-infrared analysis; and a display means for displaying the measured fuel property 
values. 

In one embodunent, the devices can further include a comparison means for 
comparing these measured fuel property values with pre-determined preferred value ranges 
for the fuel properties based upon the fuel company's specifications for the fiiel; and a 
display means for displaymg a result of this comparison. In another embodiment, the 
devices can further include a rating means for evaluating the fiiel sample based upon the 
comparison between the measured values and the pre-determined preferred value ranges for 
the fiiel properties for the sample; and a display means for displaying the fiiel sample 
rating. 

In other embodiments, the devices can further include an inputting means for 
entering vehicle information, such as the model and type of vehicle; a processing means for 
correlating vehicle information with pre-determined preferred value ranges for the fiiel 
properties based upon the manu&cturer's fuel recommendations for the particular vehicle; 
and a comparison display means for comparing the measured values with the pre- 
determined preferred value ranges, and displaying the result of the comparison. The 
devices can further include a rating means for evaluating a rating for the fuel sample based 
upon the comparison; and a rating display means for displaying the fuel sample rating. 

In still another embodiment, the devices can include a diagnosis means for 
diagnosing fuel-related problems based upon the results of the comparison between the 
measured values and the pre-determined preferred value ranges for the fuel properties based 
upon the manufacturer's fiiel recommendations for the particular vehicle; and a display 
means for displaying the diagnosis results. Moreover, the devices can be used to diagnose 
diverse fiiel-related problems, such as engine starting failures; engine performance 
difficulties such as engine hesitation, roughness and stalling after starting or upon de- 
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acceleration around a curve; engine detonation difficulties; engine loss of power; poor 
engine fuel economy; engine missing and surging; noxious engine fumes; and smoky 
engine exhaust. 

In further embodiments, tiie devices can further include an optional alternative . 
dispenser fuel identification means for correlating the pre-determined preferred value 
ranges with values for the fuel properties for each of the dispensers fuels to identify the 
optimal dispenser fuel choice for the vehicle; and an optimal alternative dispenser fuel 
display means for displaying the optimal dispenser fuel choice. 

In still further embodiments of the invention, the measurement means can further 
include a driveability index determination means for determining driveability index. The 
measurement means can include a mid-infrared light source for illuminating the sample; a 
detector for detecting absorbance values associated with fuel components; a correlating 
means for correlating the detected absorbance values with a matrix of pre-determined 
coefficients associated with the fuel components and pre-determined values of the fuel 
property; a multiplying means for multiplying the detected absorbance values by their 
correlated pre-determined coefficients; and a summing means for summing the resulting 
absorbance-^efficient products to detemtiine a value for a fuel property, such as 
driveability index, associated with the sample. 

In another embodiment, the driveability index measurement means can include a 
mid-infrared light source for illuminating the sample; a detector for detecting absorbance 
values associated with fuel components; a correlating means for correlating the detected 
absorbance values with a matrices of pre-determined coefficients associated with the fuel 
components and pre-determined TIO values, T50 values, and T90 values; a multiplying 
means for multiplying the detected absorbance values by their correlated pre-determined 
coefficients; a sunmiing means for summing the resulting absorbance-coefficient products 
to determme values of TIO, T50 and T90 associated with the sample, and a determination 
means for determining the driveability index of the sample based upon the determined TIO, 
T50 and T90 values. 

In still other embodiments, the measurement means can further include an octane 
number determination means for determining octane number and/or a Reid vapor pressure 
determination means for determining the Reid vapor pressure. The devices of the present 
invention can be portable and/or an integral part of the fuel delivery dispenser. The devices 
of the present invention can also include a casing for protection; and/or a data 
communication means for communicating with a remote computer. 

In still another aspect of the invention, the devices of the present invention can be 
used to match a new engine design with its optimal fuel. New engines can be tested under 
a variety of conditions, and the present invention's devices can be used to identify the 
recommended fiiel properties for a new engine design. The devices can include a mid- 
infrared analysis means for measuring fiiel property values; a comparison means for 
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comparing measured fuel property values with pre-estimated preferred value ranges for the 
fuel properties for a new engine design; a diagnosis means for diagnosmg fuel-related 
problems based upon the results of the comparison; and a display means for displaying a 
result of the diagnosis. 

5 

Brief Description of the Drawings 

These and other features and advantages of the present invention will be more fully 
understood by reference to the following detailed description in conjunction with the 
attached drawings in which like reference numerals refer to like elements and in which: 
1 0 FIG. 1 illustrates an exterior view of a fuel characterization and optimal fuel 

identification device for characterizing a fuel sample at a vehicle service site having a fuel 
delivery dispenser, for diagnosing fuel-related problems, and for identifying an optimal 
dispenser fuel for the vehicle, according to an embodiment of the invention; 

FIG. 2 is a schematic representation of a fiiel characterization and optimal fuel 
1 5 identification device for characterizing a fuel sample at a vehicle service site having a fuel 
delivery dispenser, for diagnosing fuel-related problems, and for identifying an optimal 
dispenser fuel for the vehicle, according to an embodiment of the invention; 

FIG. 3 is a view of a hard copy print out display from a comparison display means; 
FIG. 4 is a more detailed schematic representation of the mid-infi:ared fuel 
20 properties measurement means of FIG. 1 for detection and evaluation of fuel properties of a 
fuel sample at a vehicle service site, according to an embodunent of the invention; and 
FIG. 5 is a more detailed schematic representation of the processor of FIG. 2 for 
processing of absorption detection signals to determine values for fuel properties associated 
with a fuel sample, according to an embodiment of the invention. 

25 

Detailed Description of the Invention 

FIG. 1 is a schematic of an exterior view of a fuel characterization and optimal fuel 
identification device 10 at a vehicle service site, according to an embodiment of the 
invention. The vehicle service site can have a fuel deliver dispenser 73 and the device 10 

30 can be an mtegral part of this dispenser 73. Alternatively, the device 1 0 can be portable and 
can be carried by handle 72. In either case, the device 10 can include a processor (not 
shown) and a display monitor 21 and keypad 23. The device can be encased in a material 
74 that can have the resilience and durability for protection when the device 10 is used at a 
vehicle service site. The device 10 can also be equipped with the means 76 for 

35 communicating with a remote computer 78. FIG. 1 further illustrates the inputtmg means 
24 for entering vehicle information from a personal information card 80 containing vehicle 
model and type information. Alternatively such information can be entered by keypad 23. 

FIG. 2 is a schematic representation of a fuel characterization and optimal fuel 
identification device 10 for characterizing a fiiel sample 8 from a dispenser or a storage 
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tank and for identifying an optimal dispenser fiiel for the vehicle, according to an 
embodiment of the invention. The device 10 illustrated in FIG, 2 is equipped with a sample 
measurement means 20; a measurement value display means 12; a comparison means 14; a 
comparison display means 16; a rating means 1 8; and a rating display means 22. The 
5 device 1 0 can further include a vehicle information inputting means 24; a processing means 
26; a display means 28; a rating means 32; and a rating display means 34. In yet another 
embodiment of the invention, the device 10 can further include a dispenser fuel 
measurement means 30; a dispenser fuel inputting means 35; an optimal alternative fuel 
identification means 36; a dispenser fuel memoiy element 37; an optimal alternative fuel 

10 display means 38; and a dispenser fuel processor 39. In a further embodiment, the device 
10 can include a vehicle fuel measurement means 40. 

In the practice of the invention, values for selected fuel properties of the sample 8 
from a fuel dispenser or storage tank can be measured through mid-infrared analysis with 
the sample measurement means 20 and then fed into the measurement value display means 

IS 12 and displayed. 

The measured fuel property values of the sample 8 can be fed into the comparison 
means 14 and compared with pre-detennined preferred value ranges for the fuel properties 
for the fuel sample based on the fuel company's specifications for the fuel. The result of the 
comparison can be displayed with display means 16. 

20 The measured values and pre-determined preferred value ranges can also be fed into 

a rating means 18 which can evaluate a rating for the fuel sample 8 based on the 
comparison between the measured and preferred fuel property values. This rating for the 
fuel sample 8 can be displayed with the rating display means 22. For example, the display 
means 22 can display an "UNACCEPTABLE FUEL QUALITY" message, where the 

25 measurement means measures a drivability index of 1 350 for a fuel sample, and the 
preferred pre-determined drivability index range for that fuel is 1 100-1200. 

The desired fuel characteristics for a particular vehicle can also be determined and 
compared with the measured characteristics of the fuel at the fiiel deliveiy dispenser. 
Vehicle information, such as the model and type of vehicle, can be entered into the 

30 processing means 26 via the inputting means 24. The processing means 26 can correlate 
the vehicle identification information with the pre-detennined preferred values for the fuel 
properties for the vehicle in a look-up table. The sample and pre-determined preferred fuel 
property values can then be fed into, compared and the comparison displayed with the 
comparison display means 28. 

35 Various devices and/or methods can be used for inputting the vehicle information 

via the inputting means 24. For example, the relevant vehicle information can be entered 
manually by the vehicle operator or fiiel service provider. Alternatively, the vehicle 
information can be entered by inserting a type of personal information card (with vehicle 
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infonnation encoded on a magnetic stripe or the like) into the inputting means 14 which can 
then read the relevant information off the card. 

The measured values and the preferred value ranges of the fuel properties can be fed 
into a rating means 32 to evaluate the fuel sample based upon a comparison between the 
measured values and the preferred pre-determined value ranges for the vehicle. In one 
embodiment, the rating means 32 can calculate a difference between the measured value 
and the closest value of the pre-determined prefened ranges for each of the selected fiiel 
properties. Such differences can be fed into a rating display means 34 for display of fuel 
sample rating messages. For example, the rating display means 34 can display a message 
such as "Sample DI: 23% Higher than Recommended DI for Vehicle." 

Alternatively, the rating means 32 can correlate the difference between the 
measured values and preferred values for the vehicle with a qualitative rating in look-up 
table. The information can be fed into the fuel sample rating display means 34 which can 
display a qualitative fuel sample message based on the correlation. Examples of qualitative 
messages include, but are not limited to, "FUEL QUALITY FOR VEHICLE: Excellent, 
Good, Average, or Marginal." 

The fuel properties* pre-determined preferred value ranges for the vehicle can also 
be fed into an optimal alternative dispenser fiiel identification means 36. For each of the 
selected properties, the optimal alternative dispenser fuel identification means 36 can 
compare the pre-determined preferred value range with the values for the properties for 
each of the dispenser fuels. The optimal alternative dispenser fuel identification means 36 
can then identify the dispenser fuel with the closest property value to the pre-determined 
property value range for the fuel property. The optimal alternative dispenser fuel choice 
can be displayed with the alternative optimal dispenser fuel display means 38. For 
example, the optimal alternative dispenser fiiel display means can display a message such 
as "OPTIMAL FUEL CHOICE: Dispenser Fuel # 3." 

Various devices and/or methods can be used for inputting the pre-determined 
preferred value ranges for the fiiel properties for each of the dispenser fuels into the optimal 
alternative fiiel identification means 36. In one embodiment, the measurement means 20 
can be used for measuring through mid-infiared analysis values for the selected fxiel 
properties for samples of each of the dispenser fiiels, and these values can be fed into the 
optunal alternative fiiel identification means 36. In another embodiment, a separate but 
similar infirared measurement means 30 can be Used for measuring the dispenser fiiel 
property values. In still another embodiment, values for the selected fiiel properties of each 
of the dispenser fiiels can be entered into the optimal alternative dispenser fiiel 
identification means 36 via a dispenser fiiel inputting means 35. The dispenser fuel 
property values provided by the dispenser fiiel inputting means 35 can be from a dispenser 
fiiel memory element 37, e.g., stored values fi:om previous measurements, or fi-om a 
dispenser fiiel processor 39 which provides calculated values for blends. Once measured or 
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inputted, the dispenser fuel property values can be fed into the optimal alternative fuel 
dispenser identification means 36. 

FIG. 2 further illustrates that in other embodunents of the invention, the device 10 
can include means for extracting a fuel sample from the vehicle and delivering it to a 
vehicle fiiel measurement means 40 for measuring through mid-infrared analysis selected 
fuel properties of the sample. The measured values can be fed into the display means 28 
for displaying a comparison between the measured values for the fuel sample ftom the 
vehicle and the pre-determined preferred values ranges for the fuel properties for the 
vehicle. The measured and preferred values for the fuel sample can be fed into the rating 
means 32, and the rating means 32 can evaluate a sample rating based upon the comparison 
between the measured values for the sample from the vehicle and the pre-determined 
preferred property values. Display means 34 can then display this fuel sample rating. 

In still other embodiments, the measured and preferred values from the rating means 
32 can be fed into diagnosis means 90. The diagnosis means 90 can correlate the difference 
between the actual and preferred fuel property values with a potential fuel-related problem 
in a look-up table. For example, if the actual driveability index of the fuel sample is 1350 
and the preferred driveability index for the vehicle is 1 1 00, the rating means 32 can 
determine that the comparison between actual and preferred driveability index values 
indicates a potential problem for starting in cold weather and the diagnosis display means 
92 can display the result of this diagnosis. Table 1 provides a non-mclusive list of fuel 
properties, such as driveability index, which are relevant to particular fuel-related problems. 
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FUEL PROPERTIES RELEVANT TO PARTICULAR FUEL-RELATED PROBLEMS 


Fuel Property 


F uei-Related Problem 


FuelVolatiKtv 




Drivealnlity Index 


Cool weather driveability problems, hot start and hot 




dnveabihiy problems, vi^r lock, evaporative losses. 




crankcase deposits, combustion chamber and spark plug 




deposits 


Reid Vapor Pressure 


Low temperature starting problems, evaporative losses. 




vapor lock 


V^r Liquid (V/L) Ratio 


Vapor lock 


Octane Number 




Researdi Octane Number (RON) 


Low to medium speed knock and run-on 


Motor Octane Number (MON) 


High speed knock/Part-throttle knock 


CoDDerCoirosivitv 


Fuel system corrosion 


Stability 




Existent Gum 


Induction system deposits, filter clogging 


Oxidation Stability 


Storage life limitations 


Sulfur Content 


Exhaust emissions, engine deposits and engine wear 


Metallic additives Head and 


Catalyst deteriomtion (unleaded vehicles) 


others) 




Temnera^iire for Phase Senaration 


Water intolerance of blended fuels 



5 FIG. 3 is a view of a hard copy printout display 82 from comparison display means 

28. 

FIG. 4 is a more detailed schematic representation of the mid-in&ared fuel 
properties measurement means 20 for detection and evaluation of components and 
properties of a fuel sample 8 of a select fuel from a dispenser or storage tank contained in 
10 an examination vessel 42, according to an embodiment of the invention. The measurement 
means 20 illustrated in FIG. 4 is equipped with a mid-infrared light source 44, a filter 46, a 
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detector 48, and a processing means 50. The schematic representation of FIG. 4 also 
applies to dispenser fuel measittement means 30 and vehicle fuel measurement means 40. 

Mid-infrared analysis in the practice of the present invention can involve 
illuminating a fuel sample with mid-infrared light in a range of about 2.5 ^m to about 20. \i 
5 m. The molecules of the fuel components of the sample can each exhibit characteristic 
primary, overtone and/or combination vibrational modes (also referred to herein as 
"signature" or "signature modes") when excited m narrow wavelength bandwidths 
associated with particular fuel components. These signatures can be exhibited m terms of 
absorbances of the mid-infrared light. Such absorbances can be detected and correlated 

10 with matrices of pre-determined coefficients associated with the fuel components and pre- 
determined fuel property values. The detected absorbance values can be multiplied by their 
correlated coefficients, and the resulting absorbance-coefficient products can be summed to 
determine property values associated with the sample. 

For exemplary purposes, FIG. 4 illustrates a detector 48 assigned to methanol 

15 (MEOH) detection. Notwithstanding, in the practice of the invention, other detectors can 
be included and assigned specifically to the detection of ethanol (ETOH), tertiary butyl 
alcohol (TBA), Methyl tertiary butyl ether (MTBE), di-isopropyl ether (DIPE), ethyl 
tertiary butyl ether (ETBE), tertiary amyl methyl ether (TAME), metaxylene, toluene, and 
benzene. Further, two detectors can be assigned to the detection of aromatics since 

20 aromatic molecular structures can be detected at both shorter and longer wavelengths. 
Similarly, two detectors can be assigned to the detection of olefins which also can be 
detected at two different wave lengths. A separate detector can be assigned to the detection 
of straight chain hydrocarbons. 

A separate detector can also be assigned to the detection of alkylates for use as a 

25 correction factor. A high percentage of alkylates in the fuel sample can raise the total 
absorbance spectrum and can lead to false readings for other fuel components (e.g., 
MBTE). Accordingly, the absorbance values for other fuel components can be adjusted to 
take into account the alkylates* effect once the alkylates' concentration is known. 

Still another detector can be assigned as a reference detector for use as a correction 

30 factor. The reference detector can operate in that part of the absorbance spectrum where 
there is very little absorbance. Stated a little differently, the reference detector can operate 
in an "absorbance window". Some fuels can show absorbance in such an absorbance 
window, however. Thus, to normalize absorbance detection among various fuels, the 
absorbance values for the other fuel components can be adjusted to take into account 

35 absorbance detected in the absorbance window. 

Alternatively, a single broad band detector can be used for the detection of multiple 
fuel components in the fuel sample. 

In the embodiment of FIG. 4, the mid-infrared light source 44 can be provided on 
one side of the fuel-containing examination vessel 42 for illuminating the fuel sample 8 
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contained within the vessel. The detector 48 can be provided on the other side of the vessel 
42 for the detection of absorption associated with the presence of the assigned fuel 
component. Because each detector of the invention can be assigned to a specific fuel 
component of interest, each detector's input can be limited to that narrow portion of the 
5 mid-infrared spectrum which is associated with a selected vibrational mode signature and 
which has been determined to be characteristic of the assigned fuel component. 

Isolation of each detector to an assigned fuel component can be achieved in this 
embodiment by interposing the filter 46 between the light source 44 and the examination 
vessel 42. Light 52 from the mid-infrared light source 44 can enter the filter 46 and a 
1 0 narrow vibrational mode or wavelength 54 ^propriate for the assigned fuel component 
being measured can exit the filter to enter the examination vessel 42. Table 2 shows an 
exemplary array of such filters. 

TABLE 2 

1 5 FUEL COMPONENT FILTER ARRAY 



Fuel Component 


Filter No. 


Center 


Bandwidth 


Center 






Wavelength, 


l%of>.c 


Frequency 






^m 


^m 


cm"l 


Reference 


17 


4.80 


.0480 


2083 


MEOH 


1 


9.70 


.0970 


1031 


ETOH 


2 


9.52 


.0952 


1054 


TBA 


3 


10.93 


.1093 


915 


MTBE 


4 


8.30 


.0830 


1205 


DIPE 


5 


8.63 


.0863 


1159 


ETBE 


6 


8.95 


.0895 


1117 


TAME 


7 


8.42 


.0842 


1188 


Gen. Arom. 1 


8 


6.23 


.0623 


1605 


Metaxylene 


9 


13.53 


.1353 


739 


Toluene 


10 


13.72 


.1372 


729 


Benzene 


11 


14.79 


.1479 


676 


Gen. Arom. 2 


12 


13.00 


.1300 


769 


Alkylate Corr 


13 


7.32 


.0732 


1366 


Olefins 


14 


10.35 


.1035 


966 


Straight Chain HCs 


IS 


3.51 


.0351 


2852 


Olefins 


16 


6.06 


.0606 


1650 



wo 97/05483 PCTAJS96/12287 

-13- 

Additional filters and detectors can be employed for the detection of the other above- 
identified fiiel components of interest. In addition, each filter can take the form of a 
window on a detector device itself, rather than as a separate discrete component. Further, 
the filter can even be eliminated where the detection is otherwise limited to a narrow band 
5 of interest. 

FIG. 5 is a detailed schematic representation of a processor 50 for processing 
absorption detection signals to determine values for fiiel properties associated with the fuel 
sample 8, according to an embodiment of the invention. The processor SO illustrated in 
FIG. 5 contains a correlating means 62, a multiplying means 64, a sununmg means 66 and 

1 0 an optional determmation means 68. 

In the practice of the invention, detected absorbance signal outputs fi-om the 
detectors 48 can be fed mto the processor 50 for determining the values for the properties of 
the sample. Inside the processor 50, the correlating means 62 can correlate the detected 
absorbance values (e.g., A] + A2 + A17) associated with the particular fiiel components 

15 with a matrix of pre-determined coefiFicients (e.g., Ci + C2 + ... 7) associated with the 
fuel components and pre-determined values of the fuel property being measured. For 
example, an absorbance value (e.g., A]) associated with MEOH can be correlated with a 
pre-determined coeflBcient (e.g., Cidi) associated with methanol and driveability index. 
The multiplying means 64 can multiply the detected absorbance values by the correlated 

20 pre-determined coefficients to obtain a plurality of absorbance-coefficient products. The 
summing means 66 can then determine the fuel property associated with the sample by 
summing the resulting absorbance-coefficient products. For example, the driveability index 
of a sample can be determined according to the following equation: 

25 Sample Driveability Index = CjiiAi + Cdi2A2 + -CdinAiy 

In an alternative embodiment of the invention, the correlating means 62 can 
correlate the detected absorbance values (e.g., Aj + A2 + ...Aj 7) associated with the fuel 
components with a matrix of pre-determined coefficients (e.g., C1710 + C2TIO 

30 -.Cnxio) associated with the fuel components and pre-determined values of TIO. 

Similarly, the correlating means 62 can correlate the detected absorbance values (e.g., A| + 
A2 + ...A17) associated with the fuel components with matrices of pre-determined 
coefficients associated with the fuel components and pre-determined values of T50 and 
T90. The multiplying means 64 can multiply the detected absorbance values by the 

35 correlated pre-determined coefficients to obtain a plurality of absorbance-coefficient 
products. The sxmmiing means 66 can then simi the resulting absorbance-coefficient 
products to determine the Tiq, T50 and T90 values associated with the sample according to 
the following equations: 
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Sample TIO = CitiqAi + C2TIOA2 + CmiO^ll 
Sample T50 - €1750^1 + C2T50A2 + ... C17T50A17 
Sample T90 = €1790^1 + C2T90A2 + ... C17T90A17 

The detennination means 68 can determine the driveability index for the sample by 
inserting the TIO, T50 and T90 values determined for the sample into the standard 
driveability index equation. 

In sum, the present mvention benefits from the recognition that a select iuel can be 
simply and relatively mexpensively characterized and fiiel-related problems diagnosed at a 
vehicle service site, having, for example, a fuel delivery dispenser, by using mid-infrared 
analysis to measure fuel properties, such as driveability index. In addition, the measured 
values can be compared with the fuel property values specified for the fuel by the fuel 
company to determine a sample fuel rating. Further, the optimal fuel choice for the vehicle 
can be identified by comparing the preferred fiiel property values for the vehicle based on 
the vehicle manufacturer's recommendations with the fuel properties for each of the 
dispenser fuels available. It will be understood that the above description pertains to only 
several embodunents of the present invention. That is, the description is provided by way 
of illustration and not by way of limitation. The invention is further characterized 
according to the following claims: 



What is claimed is: 
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1 . A method for determining at least one pre-selected fiiel property of a fuel sample 
comprising the steps of: 

measuring a vialue at a vehicle service site for the fuel property associated with the 
sample through mid-infiared analysis; and 

displaying the measured fuel property value. 

2. The method of claim 1 wherein the measuring step further comprises measuring the fuel 
property value at a vehicle service site having a fuel delivery dispenser. 

3. The method of claim 1, further comprising: 

comparing the measured value with a pre-determined preferred value range for the 
fuel property for the sample; and 

displaying a result of the comparison step. 

4. The method of claim 3, further comprising: 

evaluating a fuel sample rating based upon comparing the measured value with the 
pre-determined preferred value range for the fuel property for the sample; and 
displaying the fuel sample rating. 

5. The method of claim 1, further comprising: 

entering vehicle information; 

correlating vehicle information with a pre-determined preferred value range for the 
fuel property for the vehicle; 

comparing the measured value with the pre-determined preferred value range for the 
fuel property for the vehicle; and 

displaying a result of the comparison step. 

6. The method of claim S, further comprising: 

evaluating a ratmg of the fuel sample for the vehicle based upon comparing the 
measured value with the pre-determined preferred value range for the fuel property for the 
vehicle; and 

displaying the fuel sample rating. 

7. The method of claim 5, further comprising: 

diagnosing a fuel-related problem based upon the result of the comparison step; and 
displaying a result of the diagnosis step. 
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8. The method of claim 5, further comprismg: 

correlating the pre-determined preferred value range with a value for the fuel 
property for each of a plurality of dispenser fuels; 

identifying an optimal dispenser fiiel for the vehicle based upon a result of the 
correlating step; and 

displaymg a result of the identification step. 

9. The method of claim 1 , wherein the step of measuring the value for the fuel property 
associated with the sample through mid-infiared analysis further comprises determining a 
driveability index value. 

10. The method of claim 1, wherein the measuring step further comprises the steps of: 

illuminating the sample with mid-infrared light; 

detecting a plurality of absorbance values associated with a plurality of fuel 
components in the sample; 

correlating the detected absorbance values with a matrix of a plurality of pre- 
determined coefficients associated with the fiiel components and a plurality of pre- 
determined values of the fuel property; 

multiplying the detected absorbance values by the correlated pre-determined 
coefficients to obtain a plurality of absorbance-coefficient products; and 

summing the absorbance-coefficient products to determine the value of the fuel 
property associated with the sample. 

1 1 . The method of claim 9, wherein the measuring step further comprises the steps of: 

illuminating the sample with mid-infrared light; 

detecting a plurality of absorbance values associated with a plurality of fuel 
components in the sample; 

correlating the detected absorbance values with a matrix of a plurality of pre- 
determined coefficients associated with the fuel components and a plurality of pre- 
determined TIO values, a matrix of a plurality of pre-determined coefficients associated 
with the fuel components and a plurality of pre-determmed T50 values, and a matrix of a 
plurality of pre-determined coefficients associated with the fuel components and a plurality 
of pre-determined T90 values; 

multiplying the detected absorbance values by the correlated pre-determined 
coefficients to obtain a plurality of absorbance-coefficient products; and 

summing the absorbance-coefficient products to determine a TIO value, a T50 value 
and a T90 value associated with the sample; and 

determining the driveability index associated with the sample based upon the 
determined TIO, the T50 and the T90 values. 
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12. The method of claim 1, wherein the measuring step further comprises determining an 
octane number value. 

13. The method of claim 1, wherein the measuring step further comprises determining a 
Reid vapor pressure value. 

14. An apparatus for detennining at least one fuel property of a fuel sample comprising: 

a measurement means at a vehicle service site for measuring a value for at least one 
pre-selected fuel property associated with the sample through mid-infi^d analysis; and 
a display means for displaying the fuel property value measured. 

15. The apparatus of claim 14, further comprising: 

a comparison means for comparing the measured value with a pre-determined 
preferred value range for the fuel property for the sample; and 

a display means for displaying a result of the comparison. 

16. The apparatus of claim IS, further comprising: 

a rating means for evaluating the fuel sample based upon comparing the measured 
value with a pre-determined preferred value range for the fuel property for the sample; and 
a display means for displaying a fuel sample evalxiation. 

17. The apparatus of claim 14, further comprising: 

an inputting means for entering vehicle information; 

a processing means for correlating vehicle information with a pre-determined 
preferred value range for the fuel property for the vehicle; and 

a display means for comparing the measured value with the pre-determined 
preferred value range for the fuel property for the vehicle and displaying a result of the 
comparison. 

18. The apparatus of claim 17, further comprising: 

a rating means for evaluating the fuel sample for the vehicle based upon comparing 
the measured value with the pre-determmed preferred value range for the fuel property for 
the vehicle; and 

a display means for displaying a fuel sample evaluation. 

19. The apparatus of claim 17, further comprising: 

a diagnosis means for diagnosing a fuel-related problem associated with the sample 
based upon a result of the comparison; and 
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a display means for displaying a result of the diagnosis. 

20. The apparatus of claim 17, further comprising: 

an identification means for correlating the pre-determined preferred value range for 
S the fuel property for the vehicle with a value for the fuel property for each of a plurality of 
dispenser fuels to identify an optimal fuel for the vehicle; and 

a display means for displaying the optimal fuel for the vehicle. 

21 . The apparatus of claim 14, wherein the measurement means further comprises a 
1 0 driveability index determination means for determining driveability iiidex. 

22. The apparatus of claim 14, wherein the measurement means further comprises: 

a mid-infirared light source for illuminating the sample; 

a detector for detecting a plurality of absorbance values associated with a plurality 
IS of fuel components in the sample; 

a correlating means for correlating the detected absorbance values with a matrix of a 
plurality of pre-determined coefficients associated with the fuel components and a plurality 
of pre-determined values of the fuel property; 

a multiplying means for multiplying the detected absorbance values by the 
20 correlated pre-determined coefficients to obtain a plurality of absorbance-coefficient 
products; and 

a summing means for summing the absorbance-coefficient products to determine 
the value of the fiiel property associated with the sample. 

25 23. The apparatus of claim 20, wherein the driveability index determination means further 
comprises: 

a mid-infixed light source for illuminating the sample; 

a detector for detecting a plurality of absorbance values associated with a plurality 
of fuel components in the sample; 

30 a correlating means for correlating the detected absorbance values with a matrix of a 

plurality of pre-determined coefficients associated with the fuel components and a plurality 
of pre-determined TIO values, a matrix of a plurality of pre-determined coefficients 
associated with the fuel components and a plurality of pre-determined TSO values, and a 
matrix of a plurality of pre-determined coefficients associated with the fuel components and 

35 a plurality of pre-determined T90 values; 

a multiplying means for multiplying the detected absorbance values by the 
correlated pre-determined coefficients to obtain a plurality of absorbance-coefficient 
products; and 
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a summing means for summing the absorbance-coefficient products to determine a 
TIO value, a T50 value and a T90 value associated with the sample; and 

a determination means for determining the driveability index associated with the 
sample based upon the determined Tl 0, the T50 and the T90 values. 

24. The apparatus of claim 14, wherein the measurement means further comprises an 
octane number determination means for determining octane number. 

25. The apparatus of claun 14, wherein the step of wherein the measurement means further 
comprises a Reid vapor pressure determination means for determining Reid vapor pressure. 

26. The apparatus of claim 14, wherein the apparatus is a portable apparatus. 

27. The apparatus of claim 14, wherein the apparatus further comprises an integral part of a 
fiiel delivery dispenser. 

28. The apparatus of claim 14 wherein the apparatus further comprises a casing. 

29. The apparatus of claim 14, wherein the apparatus further comprises a data 
communication means for communicating with a remote computer. 

30. An apparatus for matching a fuel to a new engine design comprising: 

a measurement means for measuring a value for at least one fuel property associated 
with the sample through a mid-infrared analysis; 

a comparison means for comparing the value measured for the fuel property with a 
pre-estimated preferred value range for the fuel property for a new engine design; 

a diagnosis means for diagnosing the fuel-related problem based upon a result of the 
comparison; and 

a display means for displaying a result of the diagnosis. 
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GMGOODWRENCH 
AUTO FUEL EVALUATION 
CHECKOUT SHEET 



VEHICLE TYPE: SATURN SLl 

MODEL: 1993-1994 

TEST TIME: 6:09:30 pjn. 

TEST DATE: 2/27/95 



FUEL PROPERTY 


VALUE 


SPEC. VALUE 


Octane (R+M/Z) 


87 


87 or higgler 


Drivability 


1350 


1200 or lower 


RVP(psi) 


9 


No spec. 


ETOH(vol%) 


0 


10% max. 


ETOH(vol%) 


0 


10% max. 


MEOH(vol%) 


0 


Less than 4% 


MrBE(vol%) 


5 


Lesstiianl5% 


ETBE(vol%) 


0 


No spec. 


TAME (vol %) 


0 


No spec. 


TBA(voI%) 


0 


No spec. 


DIPE(vol%) 


0 


No spec 


OLE (vol %) 


0 


No spec. 


WL%oxy 


1.1 



Overall Fuel Quality: 

Marginal - Drivability value indicates potential cold starting problems. 



^ 
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